Detection of Helicobacter pylori infection in symptomatic Bulgarian adults  by Boyanova, L.
ORIGINAL ARTICLE 10.1111/j.1469-0691.2007.01770.x
Detection of Helicobacter pylori infection in symptomatic Bulgarian adults
L. Boyanova
Department of Microbiology, Medical University of Sofia, Bulgaria
ABSTRACT
This study assessed the prevalence of Helicobacter pylori in symptomatic Bulgarian adults by means of
culture, Gram’s stain and an in-house rapid urease test (RUT), and also assessed the H. pylori density by
culture. In total, 1441 non-treated and 270 treated patients were evaluated. Most non-treated patients
with ulcers (87.7%), gastric malignancy (79.2%) and other gastroduodenal diseases (73.4%) were
H. pylori-positive. Among non-treated and treated patients, 75.3% and 54.8%, respectively, of elderly
patients, and 78.3% and 56.1%, respectively, of other adults were H. pylori-positive. Two (0.1%) non-
treated adults were Helicobacter heilmannii-positive. The accuracy of direct Gram’s stain and the in-house
RUT were 74.8% and 64.2% in non-treated patients, and 73.7% and 63.0% in treated patients,
respectively. Culture was highly accurate (>95%) in both groups. Older age decreased the sensitivity of
the RUT in non-treated patients by 10.7% and that of all tests in treated patients by 6.9–8.1%. Incubation
for 11 days was required for the growth of 2% and 4% of the strains from treated patients on selective
and non-selective medium, respectively. There were no differences in isolation rates between positive
fresh (74.2%) and frozen (75.2%) specimens. In non-treated adults, a high H. pylori density (growth in all
quadrants of the plates) was more common (43.1%) in ulcer patients than in other patients (25.4%). In
conclusion, H. pylori infection was common in Bulgarian patients, and at a high density in >40% of ulcer
patients, while H. heilmannii infection was uncommon. Culture provided a highly accurate diagnostic
approach. Stomach biopsies from non-treated patients can be frozen for several days. The benefit of
reporting H. pylori density, as determined by culture, requires further evaluation.
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INTRODUCTION
Helicobacter pylori infection is associated strongly
with chronic gastritis, peptic ulcers, gastric
cancer and mucosa-associated lymphoid tissue
lymphoma in humans [1]. The prevalence of
H. pylori infection is higher in developing coun-
tries, where the infection is acquired earlier in
childhood [2], while the prevalence of Helico-
bacter heilmannii in adult dyspeptic patients
(usually <1%) is much lower than that of
H. pylori [3,4]. Reliable diagnosis is of primary
importance because H. pylori infection occurs
worldwide and is associated with a life-long risk
of serious gastroduodenal disease in infected
individuals [5]. However, both invasive (culture,
histology and rapid urease tests) and non-
invasive (urea breath tests, serology and stool
antigen tests) diagnostic approaches have advan-
tages and limitations [6].
The aims of the present study were to assess
the incidence of H. pylori infection in Bulgarian
patients, grouped according to age, gender,
disease status and treatment, by means of direct
Gram’s stain, culture and rapid urease tests
(RUTs) of fresh and frozen gastric biopsy speci-
mens, and to determine the H. pylori density in
the specimens by semiquantitative culture.
MATERIALS AND METHODS
Consecutive non-treated (239 elderly and 1202 other adults)
and treated (31 elderly and 239 other adults) individuals
with upper gastrointestinal complaints were evaluated
between January 2003 and November 2006 (Table 1).
Of the non-treated elderly patients, 184 (77%) were aged
66–75 years, and 55 (23%) were aged 76–88 years. Of the
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treated elderly patients, 21 (67.7%) were aged 66–75 years,
and ten (32.3%) were aged 76–83 years. Of the other non-
treated adults, 151 (12.6%) were aged 18–29 years, and 1051
(87.4%) were aged 30–65 years, while 32 (13.4%) of the other
treated adults were aged 18–29 years, and 207 (86.6%) were
aged 30–65 years. Informed written consent was obtained
from all patients.
Two antral biopsy specimens were taken from each patient.
The specimens from the treated patients were taken at least
1 month after the end of therapy for H. pylori eradication,
comprising either amoxycillin, metronidazole and proton
pump inhibitor (PPI; n = 77), amoxycillin, clarithromycin and
PPI (n = 75), amoxycillin, azithromycin and PPI (n = 9),
clarithromycin, metronidazole and PPI (n = 4), or metronidaz-
ole, tetracycline, bismuth compound and PPI (n = 4). Eighteen
patients had received two eradication regimens. No detailed
data concerning previous treatment of the other 83 patients
were available. The PPIs used were omeprazole (the most
common PPI used), rabeprazole and esomeprazole.
The biopsy specimens from 1232 non-treated patients were
fresh, and those from 209 non-treated patients were frozen.
Specimens from 249 treated adults were fresh, and those from
21 treated adults were frozen. The fresh specimens had been
transported in Stuart’s transport medium (Becton Dickinson,
Franklin Lakes, NJ, USA) for <5 h before processing, while the
other specimens were frozen at )20C in Stuart’s transport
medium for 1–5 days before processing.
Each biopsy specimen was divided into three parts. A smear
was prepared from one part of the specimen by scraping the
biopsy on a slide. The smear was fixed and used for a modified
Gram’s stain, with carbol fuchsin as the counterstain. A second
part of the biopsy specimen was placed in urea agar medium
containing urea 10% w ⁄v (in-house RUT). The in-house RUT
was prepared by using Urea agar base (Merck, Darmstadt,
Germany) andaddingfilter-sterilisedurea (Merck) after the agar
had been autoclaved and cooled to 48C. Clinical strains of
Proteus mirabilis and Escherichia coli were used as positive and
negative controls, respectively. The RUTwas incubated at 35C.
Observations for colour changesweremade after incubation for
30 min and 3 h. The remaining part of the biopsy specimenwas
homogenised in 0.1 mL of sterile saline using sterile needles,
and the homogenate was then used for culture.
Culture was performed on non-selective agar (Columbia
agar base; Becton Dickinson) containing sheep blood 10% v ⁄v,
as well as on selective blood medium (as above) containing
Isovitalex (Becton Dickinson) 1% v ⁄v, vancomycin 10 mg ⁄L,
trimethoprim 5 mg ⁄L, cefsulodin 5 mg ⁄L and amphotericin B
5 mg ⁄L. One selective and one non-selective plate were used
for primary culture of biopsy specimens [7]. Plates were
incubated at 35C for up to 12 days in a microaerophilic
atmosphere (Campy Pak; Becton Dickinson). Identification of
H. pylori was based on a Gram’s stain of the colonies, an
absence of aerobic growth on blood agar plates, and tests for
the presence of urease, oxidase and catalase. The specimens
were considered to be H. pylori-positive if the culture was
positive or, in the case of a negative culture, if the two other
tests (Gram’s stain and RUT) were both positive.
Detection of H. pylori from fresh specimens was compared
to that from the frozen biopsies. Diagnostic parameters of
RUT, culture and direct Gram’s stain for the specimens from
the non-treated patients were compared with those from
treated patients.
The growth of 1421 consecutive H. pylori isolates from non-
treated patients was expressed semiquantitatively, according
to the disease, as follows: no growth (score 0); sparse density,
with growth into the first or first and second quadrants of the
plate (score 1); moderate density, with growth into the third
quadrant (score 2); and high density, with growth into all
quadrants of the plate (score 3). Both media were considered
when scoring the H. pylori density. In cases of discrepant
scores, the higher score was recorded [8]. In order to confirm
the differences in the scores between patients with and without
an ulcer, the H. pylori density results for all 1421 patients were
compared with those within a subgroup of specimens from 809
patients (705 fresh and 104 frozen specimens) that exhibited
identical H. pylori scores on both media. The incubation time
(days) required for the growth of 349 consecutive H. pylori
isolates was also evaluated.
Table 1. Helicobacter pylori infection
among 1441 non-treated and 270
treated adults with symptoms of
upper gastrointestinal tract disease Patients
Non-treated Treated
No. of
adults
No.
positivea
%
positive
No. of
adults
No.
positivea
%
positive
Disease
Chronic gastritis and
functional dyspepsiab
852 632 74.2 137 74 54.0
Duodenal ulcer 336 300 89.3 76 44 57.9
Gastric ulcer 96 79 82.3 24 10 41.7
Gastric cancer 22 19 86.4 5 5 100.0
MALT lymphoma 2 0 0 6 5 83.3
Reflux oesophagitis and
Barrett’s oesophagus
133 91 68.4 22 13 59.1
Age
18–29 years 151 110 72.8 32 19 59.4
30–65 years 1051 831 79.1 207 115 55.6
66–75 years 184 140 76.1 21 10 47.6
>76 years 55 40 72.7 10 7 70.0
Gender
Male 775 603 77.8 166 97 58.4
Female 666 518 77.8 104 54 51.9
Total 1441 1121 77.8 270 151 55.9
aSpecimens were considered to be H. pylori-positive if the culture was positive or, in cases of negative culture, if the
two other tests used (Gram’s stain and rapid urease test) were both positive.
bInvolving single cases of hiatal hernia, gastric polyps and Crohn’s disease.
MALT, mucosa-associated lymphoid tissue.
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H. heilmannii was recognised in Gram’s stains by the
appearance of tightly helical, corkscrew-shaped microorgan-
isms (with three to eight coils) that were larger than H. pylori.
The bacteria were not cultured and were urease-positive only
after incubation for 24 h.
Statistical analysis
Differences among groups were analysed by chi-square tests,
with or without Yates’ correction, as appropriate.
RESULTS
In total, 75.3% of the non-treated elderly patients,
78.3% of the other non-treated adults, 54.8% of
the treated elderly patients and 56.1% of the other
treated adults were H. pylori-positive (Table 1).
Among the non-treated and treated patients, there
were no significant differences between positive
elderly patients aged 66–75 years and those aged
>75 years (p >0.20), or between the positive adults
aged <30 years and those aged 30–65 years
(p >0.05). The performance of the various diag-
nostic tests with different groups of patients is
summarised in Table 2.
The prevalence of infection was similar in non-
treated males (77.8%) and females (77.8%,
p >0.20). The infection was most common
(>82%) in non-treated adults with peptic ulcers
and in those with gastric cancer. Surprisingly, the
infection was detected in most treated patients
with gastric malignancy.
Two (0.1%) of the non-treated adults were
positive for H. heilmannii; these patients, both
with chronic gastritis, were a female aged
59 years, and a male aged 49 years who was also
infected with H. pylori.
In the treated adults, the sensitivities of direct
Gram’s stain and in-house RUT decreased by 9%
and 18.8%, respectively, compared with the non-
treated adults. RUT was highly specific (>97%),
but had a low sensitivity (35.8% in treated and
54.6% in non-treated adults) using one-third of
the biopsy specimens. Culture was highly sensi-
tive (>93%) for both groups and was 100%
specific. There were no significant differences
between the H. pylori-positive fresh (77.7%,
957 ⁄ 1232 specimens) and frozen (78.5%,
164 ⁄ 209; p >0.20) antral biopsy specimens from
non-treated adults, or between the H. pylori-pos-
itive fresh (57%, 142 ⁄ 249) and frozen (42.9%,
9 ⁄ 21; p >0.20) specimens from treated adults.
For the non-treated adults, the specificity of the
direct Gram’s stain was 78.9% in fresh specimens
vs. 73.3% in frozen specimens, as compared with
86.9% vs. 66.7% for treated adults. The specifici-
ties of RUT and culture were very high (>97%) for
all groups, regardless of the type of specimen
(fresh or frozen) and treatment. The sensitivity of
RUT was >55% only when examining fresh
specimens from non-treated patients. The sensi-
tivity of the direct Gram’s stain did not decrease
for frozen specimens when compared with the
fresh biopsies. The sensitivity of culture was
>94% with fresh specimens from both non-treat-
ed and treated adults, and remained relatively
high (c. 89%) for both groups with frozen spec-
imens.
Incubation for 8–11 days was required for the
growth of 18 (6%) isolates from 299 non-treated
patients on the selective medium, and for 27 (9%)
of the isolates on the non-selective medium;
however, for 50 treated patients, six (12%) of the
50 isolates required incubation for 8–11 days on
both media.
The H. pylori density in the specimens of 1421
non-treated patients is shown in Fig. 1. Using
fresh biopsy specimens, a high H. pylori density
Table 2. Performance of diagnostic
tests for Helicobacter pylori infection
in non-treated and treated elderly
and other adult patients
Test
Groups of
patients
No. of
specimens
Sensitivity
(%)
Specificity
(%)
Accuracy
(%)
Non-treated
Direct Gram’s stain Elderly 239 72.2 79.7 74.1
Other adults 1202 74.2 77.8 75.0
Rapid urease test Elderly 239 45.6 98.3 58.6
Other adults 1202 56.3 97.7 65.3
Culture Elderly 239 92.8 100.0 94.6
Other adults 1202 94.0 100.0 95.3
Treated
Direct Gram’s stain Elderly 31 58.8 92.9 74.2
Other adults 239 65.7 83.8 73.6
Rapid urease test Elderly 31 29.4 92.9 58.1
Other adults 239 36.6 98.1 63.6
Culture Elderly 31 88.2 100.0 93.5
Other adults 239 96.3 100.0 97.9
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(score 3) was found in significantly more
(149 ⁄ 325; 45.8%) patients with peptic ulcers than
in patients with chronic gastritis (201 ⁄ 735; 27.3%;
p <0.001) or other diseases (33 ⁄ 158; 20.9%;
p <0.001). The frozen specimens from one-third
of peptic ulcer patients (37 ⁄ 107; 34.6%) had a high
H. pylori density, as compared with 15 (18.3%) of
82 patients with chronic gastritis (p <0.02) and
two (14.3%) of 14 patients with other diseases
(p >0.20). In non-treated adults, a high H. pylori
density was found in 54 (26.6%) of 203 patients
with frozen specimens vs. 383 (31.4%) of 1218
patients with fresh biopsies (p >0.10).
Identical H. pylori density scores on both media
were found for 809 (56.9%) of the patients. In this
subgroup, a high H. pylori density was more
common in fresh antral biopsy specimens
(84 ⁄ 188; 44.7%) from ulcer patients than in those
from other adults (108 ⁄ 527; 20.5%; p <0.001).
Similarly, in frozen specimens from patients with
identical H. pylori scores on both media, a high
H. pylori density was found more commonly in
specimens from ulcer patients (12 ⁄ 38; 31.6%) than
in those from other patients (7 ⁄ 59; 10.6%;
p <0.02).
DISCUSSION
The prevalence of H. pylori infection among adult
Bulgarian patients with gastroduodenal disease
was high for all groups of non-treated patients,
regardless of their age, gender or disease. The
overall incidences of the infection in 967 patients
with chronic gastritis (72.1%), and in 120 patients
with gastric ulcers (74.2%), were higher and
similar, respectively, to the incidences reported
in a recent study by Zhang et al. [9].
In elderly dyspeptic patients, H. pylori infection
is the major risk-factor for atrophic gastritis and
intestinal metaplasia [10]. Frequent use of drugs
and increased corpus atrophy have been reported
to inhibit the performance of diagnostic tests with
hospitalised elderly patients [11]. In the present
study, older age (>65 years) decreased the sen-
sitivity of the in-house RUT with non-treated
patients by 10.7%, and that of all tests with
treated patients by 6.9–8.1% as compared with
other adults. The accuracies of direct Gram’s stain
and culture were similar for all patient groups.
Despite the usual co-morbidity and co-treatment
of older patients, the prevalence of H. pylori
infection in this age group was higher than that
reported in previous studies [9,11]. The preva-
lences of infection in non-treated adults aged
18–65 years and in older patients were similar
(78.3% and 75.3%, respectively; p >0.20). In addi-
tion, infection was detected in 54.8% of treated
elderly patients. Routine investigation for
H. pylori infection is recommended for the group
of older patients, which is sometimes neglected.
The prevalence of H. heilmannii infection was
low, with both H. heilmannii and H. pylori being
found in one of the two positive cases. Ierardi
et al. [12] also reported mixed infection in two of
eight H. heilmannii-positive patients. H. heilmannii
could not be cultured in the present study, as has
also been the case in most previous studies, with
one exception [13].
Culture is the standard method used in bac-
teriology laboratories and has a specificity of
100% [14]. Many previous studies have reported
a similar or slightly lower sensitivity of culture
(70–96.7%) and a higher sensitivity of RUT
(85–100%) than those observed in the present
study [15–18]. This could be associated with the
use of both selective and non-selective media,
combined with a long incubation period of up to
12 days. However, an in-house RUT usually
shows a much lower sensitivity than does a
commercially available RUT [19,20]. In addition,
only one-third of each specimen was used for the
in-house RUT. The RUT can give false-negative
results if there are small numbers of H. pylori
present, or if samples come from treated patients,
users of non-steroidal anti-inflammatory drugs or
users of PPI, and c. 5–10% of H. pylori-positive
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Fig. 1. Density of Helicobacter pylori colonisation in 1421
non-treated adult patients. Score 0 indicates no growth on
the selective and non-selective media.
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patients can be misdiagnosed using a single antral
biopsy-based test [6,21]. In addition, the gastric
cancer patients and elderly patients included in
the present study might have moderate or severe
atrophy of the gastric mucosa; in such cases,
because of the low H. pylori density, both the RUT
and the histology could yield false-negative
results [22]. Unfortunately, no data concerning
histology of the gastric biopsies were available for
the present study, and therefore there was no
independent reference standard that enabled the
diagnostic performance of the tests to be evalu-
ated. Head-to-head comparison of frozen biopsies
and fresh biopsies with respect to the different
tests is a topic of interest and requires further
investigation.
The degree of gastric mucosal inflammation has
been found to correlate with the H. pylori density
in children [23]. Severe gastritis has been reported
to occur more often in patients with a high
H. pylori density and cagA-positive strains [24].
However, the best technique for reliable detection
of H. pylori density remains controversial. Auroux
et al. [25] reported that, unlike histology,
[13C]urea breath tests and culture did not allow
reliable quantification. In contrast, Atherton et al.
[26] found that quantitative culture was more
reproducible than histology. According to Abbas
et al. [27], a higher density of H. pylori, detected
by semiquantitative scoring of cultures, is associ-
ated with a more severe infection in the antrum.
He et al. [28] considered that a real-time quanti-
tative PCR-based technique was the only accurate
method for quantification of these bacteria.
In the present study, a high H. pylori density
(score 3) was found more often in specimens from
non-treated adults with peptic ulcers (186 ⁄ 432;
43.1%) than in specimens from patients with
chronic gastritis (216 ⁄ 817; 26.4%; p <0.001) or
other gastroduodenal diseases (35 ⁄ 172; 20.3%;
p <0.001). Similarly, when only the 809 non-
treated patients with identical H. pylori scores
on both the selective and non-selective media
were evaluated, a high H. pylori density was
found in more ulcer patients (96 ⁄ 226; 42.5%) than
other patients (115 ⁄ 583; 19.7%; p <0.001). Thus,
H. pylori infection at a high density occurs in
>40% of Bulgarian adults with peptic ulcer,
which supports observations made elsewhere of
a five-fold higher density of H. pylori in duodenal
ulcer patients than in other patients [26]. A high
H. pylori density has been reported to worsen
eradication and ulcer healing in duodenal ulcer
patients [8]. According to the present results, a
high semiquantitative score of H. pylori growth
by culture could be of clinical importance; how-
ever, the potential impact of such a score on
eradication of the infection requires further exten-
sive evaluation.
Freezing the antral biopsy specimens for
several days still enabled reliable detection of
H. pylori infection. There was no significant dif-
ference in the overall prevalence between positive
fresh (1099 ⁄ 1481; 74.2%) and frozen (173 ⁄ 230;
75.2%; p >0.20) specimens. However, in non-
treated adults with peptic ulcers, a high H. pylori
density (score 3) was found in fewer (37 ⁄ 107;
34.6%) frozen biopsy specimens than fresh spec-
imens (149 ⁄ 325; 45.8%; p <0.05), although the
difference between the groups was not significant
for adults with chronic gastritis (15 ⁄ 82; 18.3% vs.
201 ⁄ 735; 27.3%; p >0.05). Thus, freezing of the
specimens at )20C could decrease the number or
the viability of the bacteria. The specificities of the
RUT and culture with fresh specimens were high
(>97%) and similar to those with frozen speci-
mens. However, the specificity of direct Gram’s
stain with frozen specimens decreased by 5.6%
for non-treated adults and by 20.5% for treated
adults as compared with fresh specimens from
both groups. Moreover, using frozen specimens
from treated adults resulted in a decrease in the
sensitivity of culture by 7% as compared with
fresh biopsies. Thus, freezing specimens from
treated patients cannot be recommended.
Incubation for 7–10 days has been reported to
be optimal for isolating H. pylori on both selective
and non-selective media [7]. In the present study,
60.2% of the 349 isolates grew on the selective
medium and 53.9% grew on the non-selective
medium after incubation for 3–4 days, and 93.1%
grew on selective medium and 90.5% grew on the
non-selective medium after incubation for 7 days.
However, an 11-day incubation period was
required for the growth of two (0.7%) of the 299
isolates from non-treated patients on non-select-
ive medium, and for one (2%) and two (4%) of
the 50 isolates from treated patients on selective
and non-selective medium, respectively.
In conclusion, H. pylori infection was common
in all non-treated patient groups (based on
age, gender and disease), while H. heilmannii
infection was uncommon in Bulgarian patients.
H. pylori occurred at a high density in >40% of
912 Clinical Microbiology and Infection, Volume 13 Number 9, September 2007
 2007 The Author
Journal Compilation  2007 European Society of Clinical Microbiology and Infectious Diseases, CMI, 13, 908–914
ulcer patients. Culture was the most accurate
diagnostic method for detecting H. pylori infec-
tion, with a sensitivity of >88%, even with
frozen specimens from treated patients. A
10-day incubation period for biopsy specimens
from non-treated patients and an 11-day incuba-
tion period for specimens from treated patients
appeared to be appropriate, with a combination
of diagnostic methods providing optimal diag-
nosis. Stomach biopsy specimens from non-
treated patients can be frozen for several days,
while freezing of specimens from treated
patients cannot be recommended. The clinical
benefit of reporting semiquantitative scores for
H. pylori growth (H. pylori densities) by culture
should be evaluated further.
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